Recent advances in biochemistry and genetics now permit unambiguous or statistically acceptable paternity exclusion in multi-male primate groups, at least in theory. In practice, however, secondary problems of applying the new molecular methodologies to natural populations remain. These include difficulties of acquiring tissue samples from free-ranging animals and of interpreting whole-genomic patterns called DNA fingerprints. In this paper we describe the successful development and application of a new approach to paternity assignment based on noninvasive tissue sampling and rapid characterization of individuals' genotypes at multiple hypervariable nuclear loci. This approach promises to facilitate the resolution of a number of hitherto intractable problems involving paternity assessment in captive and more natural social units.
Studies of free-ranging primates have historically focused on social and reproductive groups, as sociality has dominated primate evolution. Reproductive strategies, ecological limits, inclusive fitness, predator defense, kin and group selection arguments have all been used to explain the evolution of these social groups [1] [2] [3] . Implicit in these arguments is the assumption that the social unit is identical to the reproductive unit, or at the very least, strongly associated with it. As behavioral data have accumulated it has become clear, however, that this is not always the case [4] [5] [6] . Indeed, the social unit may, in some cases, be quite unrelated to the reproductive unit. Behavioral data reveal such unexpected patterns of social organization in several groups of primates, but the true genetic relation-ships in such groups, and therefore the reproductive units, remain unknown or poorly defined.
The characterization of relationships within and amon~. groups of free-ranging primates will permit investigators to test numerous hypotheses regarding primate sociobiology and evolution. Specific points that may be addressed include: reproductive success of individuals, correlations of dominance status and behaviors with reproductive success, levels of relatedness and inbreeding, gene flow between communities and across potential physical barriers, effective population size, and intrapopulation variation. Although we concentrate on paternity assessment in this paper, pedigree data have much broader applicability. Retrospective sociobiological analyses, based on the establishment of paternities in long-studied groups, will be feasible and of great potential significance. It will also be possible to test various hypotheses regarding the known variation in reproductive strategies between sexes, populations and species [7; Morin, in preparation] .
Genetic studies of free-ranging populations have long been hampered by tissue-sampling problems. To obtain enough protein or DNA for available analytical procedures, animals had to be captured and bled, biopsied, or killed. Tissue samples then had to be processed, frozen in liquid nitrogen or stored in sterile tissue culture media, and shipped immediately to the laboratory for analysis. Logistically, this was often very difficult at remote field sites and, at some sites, was not possible as the disturbance of the animals under study would have undone any habituation accomplished by behavioral researchers.
Several biochemical genetic methodologies have been developed for paternity assessment, but all have drawbacks:
(I) Allozymes were used to establish population levels of variability (proportion of loci that are polymorphic and individual heterozygosity) and structure, and patterns of geographic variation, but with a few notable exceptions [8, [71] [72] [73] [74] have been of only limited use for resolving pedigree relationships.
(2) Mitochondrial DNA (mtDNA) restriction fragment length polymorphism (RFLP) analyses were important in establishing population genetic structure but are less useful at the primate family or social community level because mtDNA typically exhibits strict maternal inheritance [9, 10] .
(3) DNA fingerprinting based on hypervariable nuclear sequences can be used to distinguish relationships among close relatives where all poten-tial sires are known [11] [12] [13] [74] [75] [76] [77] [78] [79] . Variation in these diverse loci, which are dispersed throughout the genome, is generally due to copy number of tandem repeats of the short minisatellite sequence. Such variable number tandem repeat (VNTR) patterns are analysed by digestion with restriction enzymes and transfer hybridization using minisatellite sequence probes to reveal variation at a large number of hypefVariable loci simultaneously [14] . The resulting DNA fingerprint is a complex, multifragment pattern which is often unique to an individual. It provides a measure of genetically controlled variation but, because the individual fragments cannot be assigned to specific loci, does not permit formal genotyping. In some populations, the whole-genomic patterns are too complex for unambiguous interpretation and in others, involving small inbred populations, there may be insufficient marker 'alleles' to establish pedigree relationships [15] . The major technical and statistical problems inherent in DNA fingerprinting [16] [17] [18] and its restricted applicability to natural populations are discussed elsewhere [19, 20, 71, 73, [76] [77] [78] [79] [80] [81] [82] .
(4) A preferable approach would be to establish an individual'S genotype at specific hypervariable loci using synthetic oligonucleotides as probes. This approach is initially more laborious, but has the distinct advantage of providing genotypic data of the type required for pedigree analyses. Allele-specific oligonucleotide (ASO) probes have recently become available for human VNTR [21, 22] and single copy sequences [e.g. HLA-OQA 1; ref. [23] [24] [25] and will undoubtedly resolve paternity questions in some situations. Unfortunately, such probe-based procedures require relatively large amounts (hundreds of nanograms to micrograms) of intact, high-molecular-weight DNA, and the probes themselves may have to be developed separately for each nonhuman primate species.
In 1989, with these limitations of existing methodologies in mind, we set out to develop a noninvasive, individual genotyping procedure based on specific genes and gene fragments.
Amplification of Hypervariable Microsatellite Loci
In 1983, a simple method for making unlimited copies of specific DNA fragments was rediscovered by Mullis [26] . The development of the polymerase chain reaction (peR) for the in vitro enzymatic amplification of DNA [27, 28] has opened up vast opportunities for genetic investigation. This procedure permits the isolation and replication of several mil- MorinIWoodrulT 
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lion copies of single, specific gene fragments from the mitochondrial or nuclear genomes. Large tissue samples, frozen at the time of collection, are no longer a prerequisite for many DNA level studies. Minute samples of tissues as diverse as saliva, semen, hair, bone, tooth, and (for birds) feather have provided enough DNA for amplification by the peR, and even highly degraded DNA may still yield peR products that can be sequenced or analyzed in other ways [29] [30] [31] Morin, unpubl. data] . For primate studies, the discovery of hair as a DNA source [23] has been especially important, as this tissue can be collected noninvasively from many species without disturbing animals or disrupting the habituation process.
By itself, the development of the peR was not enough to permit us to undertake the types of genetic studies needed to elucidate the relationships among individuals in primate communities. Further progress awaited the discovery and characterization of hypervariable loci small enough to be efficiently amplified from partially degraded DNA. This breakthrough came in 1989 when Weber and May [32] , Litt and Luty [33] and Tautz [34] published peR primer sequences for several human loci, called microsatellites, which contained variable numbers of the dinucleotide tandem repeat (VNDR) (dC-dA)n, where n is typically in the range of 6-30. These VNDR loci typically exhibit high levels of length polymorphism and their allelic variants follow Mendelian heritability patterns [32, 35] . They are two orders of magnitude shorter than the minisatellite VNTR loci employed in DNA fingerprinting and are consequently easier to amplify and interpret. There are 50,000-100,000 dinucleotide tandem repeats interspersed throughout the human genome, usually in introns of functional nuclear genes. Their functional significance is still unknown. Since those first publications in 1989. over 100 such loci have been identified and characterized in humans [J. Weber, Marshfield Medical Research Foundation, pers. commun.] and many also occur in other primates, including prosimians [A. Merenlender, Princeton University, pers. commun.; Morin, unpubl. data].
For establishing relationships among individuals in a primate community, these microsatellite loci offer several benefits over previously mentioned proteins and gene fragments. First, alleles differ in the number of repeats, and therefore in base pair (bp) length, rather than in nucleotide sequence. This means that variation is easily detected by separating alleles by size on a polyacrylamide gel and obviates the need to sequence the DNA. Second, allele lengths can vary substantially within a population and a large proportion of the individuals within a population may be heterozy-gous, As a consequence, heterozygotes with unique allele combinations may be relatively common in many communities. Third, the presence of many different, highly variable microsatellite loci enables us to prepare a multiple-locus characterization for each individual. The resulti:I1gmulti-ple-locus designations differ from the complex whole-genome pattern of a minisatellite DNA fingerprint in that the Mendelian heritability of every allele can be established. Finally, DNA extraction, amplification, and allele identification are relatively fast procedures. Specific microsatellite loci can be extracted, amplified, and electrophoresed on a gel in a single working day; the subsequent visualization of the alleles by autoradiography typically takes an additional 24 h.
Protocolsfor the Characterization of Microsatellite Loci from Hair Sample Collection and Storage
Six to ten hairs per individual are adequate for most pedigree studies. Although circumstances may dictate that hairs be picked up or plucked by hand, we have found that the collector's own DNA can become a PCR contaminant; ideally, hairs should be handled with forceps, hemostat or gloves. Hair samples must be unambiguously assignable to a single individual and labeled and packaged to ensure sample integrity. For amplification, the best hairs are freshly plucked from the animal, or 'groomed' from its coat. Such hairs typically have intact roots surrounded by sheath cells, and relatively large quantities of high-quality DNA. If the animals cannot be touched, then hairs may be collected from resting sites (e.g., sleeping nests). Such hairs may be identified as belonging to a known individual if these sites are freshly made and used by only one animal. Also, hairs may be collected from the ground after a solitary animal is observed self-grooming, but this is risky as one can rarely be certain of their origin. Hairs should be put into labeled plastic or paper envelopes and stored in a dry place until they can be shipped to a laboratory with freezer facilities. Although no studies of the effect oftime on the degradation of DNA in hairs have been reponed, samples studied in this laboratory have usually been held at ambient temperature for up to 3 months and then frozen at -80 • C. One chimpanzee hair sample was 'stored' in a field notebook for 2 years, and yielded sufficiently high-quality DNA to enable us to amplify and sequence a 340-bp region of the mitochondrial cytochrome b gene.
DA'A Extraction
DNA should be extracted from single hairs for each individual animal whenever possible. Two or more hairs may be extracted simultaneously only when their provenance is known with certainty. In our experience, I-2 freshly plucked hairs are sufficient for the type of analyses described. A single plucked hair will yield more than 200 ng and shed hair more than lOng of DNA [23] ; as the PCR will amplify a sequence from a single template, in theory at least, a hair yields enough DNA to type hundreds ofmicrosateUite markers. In incubated at 100· C for 8 min, vortexed again, and centrifuged at 14,000 g for 2 min. A section of the shaft of each hair should also be 'extracted' separately to ensure that the DNA one amplifies is not contaminating DNA from the surface of the hair.
Primer End-Labeling
One VNDR primer per locus is end-labeled .... ith 2 µCiIµ1 ofy·ATp32 (3000 CilmM), in a final concentration of I µM, using T4 polynucleotide kinase. End-labeling reactions are carried out at 37 • C for 30 min, and stopped by incubation at 100· C for 2 min. In the next few years, technical advances should enable us to switch to nonradioactive (e.g., biotinylated) primers.
Polymerase Chain Reaction
The use of Taq DNA polymerase and gene-specific oligonucleotide primers allows repeated sequence replication and denaturation by differential incubation using a thermal cycler. The PCR conditions vary with each locus, but in general they involve primary denaturing at 94·C for 3 min followed by 35 step-cycles of amplification under the following conditions: primer binding or annealing at 55 • C (60 • C for the last 15 cycles) for 5 s, DNA synthesis or extension at 74·C for 30 s, and denaturation at 92·C for 1 min.
The reaction conditions for a final volume of 25 µI are: 10 mM Tris, pH 8.3; 50 mM KCI; 0.01 % gelatin; 1.5 mMMg02; 0.2 mM of each dNTP; 0.4 µMunlabeled primer (+) (-10 pmol); 0.4 µM unlabeled primer (-) (-10 pmol); 0.08 µM end-labeled (g_3~P, 3,000 Cil mmol) primer (-) (-2 pmol); and 1 unit Amplitaq™ Taq polymerase (Perkin-Elmer Cetus). This regularly results in at least a 100,000-fold amplification of the selected microsatellite sequence.
Once conditions for the resolution and interpretation of a specific VNDR locus have been optimized, one may proceed to amplify additional microsatellite markers simultaneously [e.g. fig. 3 in ref. 32] . A limit to the number of loci that can be amplified in the same reaction is set by the need to keep their resulting electrophoretic patterns separate and interpretable on the gels and autoradiographs.
Electrophoresis
Amplified products are visualized by electrophoretic separation of the polymorphic size fragments. Loading dye (4 µI) is added to each PCR reaction tube, mixed, and 4 µI of product loaded in each well of a 20 X 40 ern, 8 % polyacrylamide, 50 % urea sequencing gel. Electrophoresis at 2000 V and 30 mA is carried out for 3-5 h depending on the size of the product. Gels are then either wrapped in plastic and exposed to autoradiography film for 12-48 h at -80 • C, or preferably dried and exposed to the film at room temperature. Homozygotes produce a single band, heterozygotes two bands, representing alleles of the same or different length, respectively. Alleles that differ in length by only a single repeat (or two nucleotides) can be distinguished. Care must be taken with partially degraded samples to ensure that heterozygotes are not mis-scored as homozygotes, as shorter fragments may amplify preferentially to longer fragments [25] ; it is important to carry the PCR reaction through enough step cycles to produce adequate quantities of the underrepresented longer fragment, if present. 
Paternity Assessment
For paternity analysis, the probability of exclusion of a nonfather is proportional to the number and relative frequencies of alleles at each locus. Such data are not yet available for any microsatellite locus for any natural or captive population of nonhuman primates. In captive colonies, this information may be estimated by genotypi!lS large numbers of individuals; but if the animals are of diverse geographic origin, or are inbred, this approach will give misleading results. For many species, therefore, large samples from wild populations will be needed to establish statistically significant frequencies for each allele at each locus. Until such data are available, one can proceed to calculate the probability of excluding nonfathers by assuming equal allele frequencies and making conservative estimates of the number of alleles. In this situation, we have followed Smouse and Chakraborty [36) in using the equation:
where Elf is the exclusion probability from Selvin (37) . If, in the future, the exact allele frequencies are determined for a locus in the species of interest, the exclusion probability for a given set ofK alleles with frequencies denoted Pk: k -I, ... , K, can be evaluated with Chakravarti's [38) 
equation: E(K alleles) -al -2a2 + a3 + 3(a:!a3 -as) -2(a~-as), where
It is important to note here that these estimates assume the population in HardyWeinberg equilibrium and that exclusion probability is strongly influenced by allele frequencies.1f the assumption of either panmixia or equal allele frequencies is violated, such estimates will be too high, and should be considered 'best case' estimates. This would be the case if there were close geneological relationships among potential mates in a population. 
Applications Pedigree Analysis in a Captive Colony of Chimpanzees, Pan troglodytes

Pedigree Analysis in a Captive Colony of Bonobos, Pan paniscus
In the case of a subgroup of the Zoological Society of San Diego's bonobos, a more complicated pedigree was analyzed with the same 4 microsatellite loci ( fig. 2 ). This group was founded by 3 individuals and is now in its second generation. These 4 loci were not sufficient to create unique individual-specific allele patterns or to exclude all alternate paternities. Additional loci will therefore be needed for more complex pedigrees of captive colonies and for free-ranging situations.
Genetic Variability and Paternity Assessment in Free.Ranging Chimpanzees
Preliminary results from our laboratory suggest that microsatellite loci are highly polymorphic and some alleles are widely distributed throughout the ranges of the three chimpanzee subspecies. In a survey of 25 Pan troglodytes troglodytes from Gabon, representing the central African subspecies, the Mfd 18 locus exhibited 8 alleles, and more than 90% of the individuals were heterozygous. The LL-I locus exhibited 12 alleles and greater than 90% heterozygosity for the same individuals. These preliminary data reveal no marked changes in allele frequencies across 500 km in Gabon,
.. figure I . Lower levels of variability at these loci in this colony meant that not all individual multilocus genotype patterns are unique (e.g., Laura, Lorel and Leslie share one pattern) and that paternity exclusion was possible in only 30% of the cases. Circles -Males; squares -females.
indicating either a relatively high mutation rate for the number of tandem (CA) repeats, or more likely, significant gene flow across the subspecies range. There is no need to invoke strong natural selection to explain the maintenance of such high variability, as microsatellite loci have no known function and are thought to be selectively neutral [42] .
Preliminary data from hair samples of eastern chimpanzees (Pan 1. schweinfurthii; Kasakela community, Gombe Stream Reserve, Tanzania) indicate similar frequencies of alleles at these 2 loci: to date, we have detected 5 Mfd 18 alleles in 7 individuals and four LL-I alleles in 10 individuals.
The large number of alleles at the microsatellite loci should permit us to establish pedigree relationships of many individuals and detect the , ,
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reproductive effects (gene flow) of successful dispersal in wild chimpanzee communities. For example, if we assume that all alleles are at equal frequency in the population and that there is insignificant inbreeding at Gombe, the probability of excluding nonfathers (Pc) with the M{d 18 locus is 74%. The higher allelic diversity of the LL-l1ocus would provide a P, of 83 %. The combined use of these 2 loci would, therefore, provide a 96 % probability of exclusion of nonfathers in a paternity case. Thus, with the addition of 2-3 more loci of similar diversity, we expect to raise P, to greater than 99 %.
Paternity Assessment in Other Species of Primates
We expect that similar levels of variability will be found in other nonhuman primates. DNA samples of captive lowland gorilla, Gorilla g. gorilla, were available and preliminary analyses suggest high levels of microsatellite variation: 6 or more alleles were found at each of 3 loci examined in 10-16 individuals, with greater than 80% heterozygosity. We have also succeeded in amplifying 1-5 VNDR loci with Weber's primers from hairs of orangutan (Pongo pygmaeus), lion-tailed macaque (Macaca silenus) and white-handed gibbon (Hylobates lar); in the latter, 4 individuals from a zoo in Thailand all possessed different Mfd23 alleles.
Discussion
The Cost of Microsatellite Genotyping
The advantages of the micro satellite-based genotyping system are noted above; its limitations are analogous to those found in other systems. The associated protocols are expensive and still require postgraduate levels of expertise in molecular biology and biochemistry. A working knowledge of sterile technique and the rigorous application of the specific precautions required to minimize contamination of the amplification reaction, with products of previous PCR reactions (product carryover) or exogenous DNA, are essential [25] . Accidental contamination of nonhuman primate samples with human DNA must be guarded against as transspecific homologies make it more difficult to detect. At this time, it is best to regard all PCR-based projects as pilot studies, and to expect that protocol optimization will take much longer (months) and be more expensive than expected.
Orrego [43] and Hillis et al. [44] provide useful notes on equipping and organizing a laboratory for this type of work. Once procedures are optimized for a particular locus, species, sample type, and laboratory, the reagents and supplies cost less than US $ 20 to process a single sample through the DNA extraction, PCR, electrophoresis, and autoradiography steps. These costs do not include the necessary laboratory and darkroom equipment (US $ 50,000) or the time and extensive work needed for primer optimization.
These costs notwithstanding, the microsatellite method is still less expensive than DNA fingerprinting and DNA sequencing. For comparison, the cost of minisatellite DNA fingerprinting has been estimated at US$ 50-100 per individual sample for supplies and US$ 100-200 when labor is factored in [45] . Similar costs would be incurred if the Cetus Corp. human HLA DQ 1 typing kit were found to be useful for nonhuman primates. Recognizing that laboratory costs will be the major impediment to the now required use of the new technologies in many sociobiological studies, Weatherhead and Montgomerie [45] have called for the establishment of regional facilities to provide economic genotyping services.
Types of Microsatellites Available for Genotyping
Primers for VNDR regions have been published only for human DNA sequences. Although most of those we have tested appear to be useful for other primates, each primer amplification protocol must be optimized and tested for intrinsic variation in each study population. This involves repetitive experiments to establish the optimal annealing temperature; too low a temperature will allow product strands to re-anneal, often mismatched along the CA repeat region, and create product fragments at intervals of two nucleotides that may interfere with interpretation of the allele pattern [46] . If the match of primer and template DNA is perfect, an annealing temperature just below the calculated melting temperature of the primertemplate DNA can be used [47] . If the match is not perfect, such a temperature may result in little or no PCR product, and a lower temperature will have to be used. To optimize this parameter, one may choose to derive empirically the best set of conditions for a given set of human-derived primers, or sequence the PCR product to see if sequences internal to the human primers may be used for the synthesis of species-specific primers. Additional nonhuman primate protocols are discussed by Washio [83] .
In addition to the (CA)n repeats discussed above, length polymorphism has been described in other abundant simple-sequence tandem , , Morin/Woodruff 74 repeats, including (GT)n dinucleotide and poly(A) repeats [32, 48, 49] . Pools van Amstel et al. report two (GT)n dinucleotide repeats in the protein S alpha gene and protein S beta pseudogene in humans [50] . They found that their human primers amplified these regions in two chimpanzees (Pan t. schweinfurthii) and discovered size fragment length variation in the pS pseudogene GT repeat [Ploos van Amstel, pers. commun.]. (GT)n repeats are, of course, the complimentary strand of (CA)n repeat regions.
Recently, tandemly repeated tri-and tetra-nucleotide sequences have been identified and found to be highly polymorphic in humans [47, [51] [52] [53] [54] [55] [56] . These microsatellites may also be useful in nonhuman primates. They have the added advantage of suffering less from strand-slippage problems than do the dinucleotide repeats. Ploos van Amstel et al. [57] analyzed two distinct highly polymorphic subregions of a tetra-nucleotide repeat region in the von Willebrand factor gene in humans. In each subregion, 6 size alleles were discovered among 24 Caucasians. The human primers will amplify homologous chimpanzee loci [Ploos van Amstel, pers. commun.] and it is reasonable to expect similar levels of variation in the other great apes. As more human primers are tested on other taxa, a set of 'universal' or generic primers may become available for paternity testing; until then, however, each new primer will have to be tested for both sequence conservation and product size diversity.
Noninvasive DNA Sampling
The noninvasive sampling techniques introduced here are more humane than techniques requiring animal restraint, bleeding or biopsy. Current procedures are inherently painful and stressful to both the individual animals and the social group, and typically require the services of trained veterinary personnel. Another advantage of using hair samples is that, in some cases, it will enable researchers to genotype animals too young or too sick to be bled.
Noninvasive DNA sampling is, of course, not limited to hairs; procedures employing other tissue types are under active development in this and other laboratories. DNA extracted from bones and teeth promises to be useful in retrospective studies of pedigree relationships where only skeletal material of deceased colony members is available [Morin, unpubl. data] . Buccal cells, which may be isolated from sugarcane wadges, have been successfully used as a DNA source in one study of relationships in a captive colony of chimpanzees [58] . The possibility of isolating host DNA from cells in feces has not yet received serious attention for nonhuman primates.
Paternity Assessment and Primate Conservation
The paternity assessment technique introduced here is important not just for studies of sociobiological issues but increasingly for the conservation of the genetic resources of threatened species in both captive and free-ranging situations. The methods of genetic management of captive and threatened populations are reviewed elsewhere [59] [60] [61] [62] and include several practices which presuppose the availability of data on paternity. Paternity information is necessary in the design of sound breeding programs to avoid inbreeding depression, to retard the inevitable loss of innate genetic variability, and to identify sibships and other genetically comparable groups for experimental purposes. Pedigrees are a prerequisite for the identification and control of genetic disease. Establishing paternity permits managers to equalize founder contributions to maximize the genetic effective population size (Nc) of small and fragmented groups. Smith's [63, 71] proposals for rhesus macaque colony management by selective culling of genetically excess males and the simulation of gene flow by cross-fostering of infants would be facilitated by the genotyping procedures introduced here. In the wild, it will become increasingly necessary for managers to move males occasionally between now-isolated populations to simulate historical patterns of male emigration and gene flow and retard the loss of local allelic diversity in fragments of the metapopulation [64] . The success of such translocations can be assessed by subsequent noninvasive monitoring of the subpopulations.
One of the problems confronted by primate colony managers and conservationists is the relatively high infant mortality experienced in captive breeding situations [65] . Neonatal and first-year mortality rates of 15% in primates generally and over 20% in the great apes [66, 67] are a source of frustration. As improved management reduces the mortality attributable to inbreeding to insignificance in many colonies [68] , attention turns to other aspects of animal care. One hitherto unquantified variable involves out breeding depression. Outbreeding depression is an increase in gametic incompatibility, zygotic and embryonic mortality, stillbirths, decreased fertility, and increased mortality that may be manifest in the FI or delayed until the F2 or backcross generations [69] . Unlike inbreeding depression, where the decline in fitness is attributed to interactions within loci (generally dominance effects), outbreeding problems are caused by interactions between loci: to a breakup of coadapted gene complexes or favorable epistatic relationships [70] . Some of the observed mortality in captive primates may be due to the inadvertent mating of individ-, ., MorinIWoodruff uals of diverse geographic origin representing genetically divergent races or subspecies.
The subspecies taxon has been all but abandoned by biologists, as it is rarely congruent with the evolutionary significant units of interest. Subspecific taxonomic categories are also notoriously poor guides for conservation management decisions [59] [60] [61] [62] . Some morphologically or geographically defined subspecies in the genera Ateles, Aotus and Pongo are now recognized as genetically well-differentiated species. Although human races are remarkably similar genetically, the racial differentiation of many other species of primates may mask far greater underlying genetic differentiation. In chimpanzees, P. troglodytes, for example, no attempt has been made to manage the North American captive populations according to the three recognized subspecies. Although most captive apes are probable west African P. t. verus, some are undoubtedly central African P. t. troglodytes. The hybrids between these taxa are viable but of unknown fitness relative to the offspring of intrasubspecific matings, As we can now distinguish these two subspecies genetically [Morin and Woodruff, in preparation], we will soon be able to reassess the breeding records for evidence of outbreeding depression.
In the 4 years since multilocus mini satellite DNA fingerprinting was first used to determine patterns of parentage in birds, it has revolutionized our understanding of avian social and mating systems [11, 45 , and references therein]. In addition to revealing new levels of complexity, it has opened the results of decades of behavioral ecology research on male and female reproductive strategies to reinterpretation. Hopefully, the noninvasive sampling and single-locus microsatellite genotyping technique of establishing pedigree relationships described here will enable investigators to undertake parallel studies of both free-ranging and managed primates.
